ingly prevalent, especially in those patients whose severe underlying disease is ameliorated by modern medical therapy.1-5 Infection is common and a frequent cause of death in acute leukemia,6 17 Hodgkin's disease, 8 and renal or cardiac transplantation.9 "o These infections are usually hospital-acquired and are caused by organisms generally considered to have low virulence (e.g., Pseudomonas aeruginosa) or by organisms frequently associated with the normal flora of the mouth and colon (e.g., E. coli or Candida albicans) [11] [12] [13] [14] The association of nosocomial infection with specific predisposing factors such as corticosteroids,15 broad spectrum antibiotics,4"16'17 indwelling urinary or venous catheters,18-21 cancer chemotherapeutic or immunosuppressive agents,6-13"15 multiple transfusions,22-24 tracheostomies,25 contaminated water, 26 respirators,27 '28 disinfectants,29 humidifiers,30 and intravenous tubing or preparations31 is well documented. There is a relationship between the severity of illness and pharyngeal colonization with gram negative bacilli.32 Potential pathogens are acquired by patients in various hospital settings. For example, acquisition of Klebsiella by the intestinal flora following admission to a general hospital led to a high incidence of later klebsiella infection. 33 Pseudomonas aeruginosa is frequently acquired by patients hospitalized in specialized cancer therapy centers;8 "0 pseudomonas bacteremia in such hospitals occurs primarily in the colonized patient. 6 The route by which patients come in contact with pathogens is seldom established, although contamination via water supplies, the local environment, and patient to staff or patient contact are believed largely responsible.25'3345 In a study of tracheostomy colonization by Pseudomonas aeruginosa, it was found that on admission the patients did not have bacterial colonization in their stool or elsewhere but that Pseudomonas aeruginosa was carried to the patient by various means, notably the hands of attending personnel.25 It had been apparent at the Center for the Study of Trauma (CST) of the University of Maryland that infection occurred frequently and was a major cause of death following severe trauma in patients admitted to the CST. In this connection the relations between bacterial infection and hemorrhagic shock described by Schweinburg, Frank, and Fine37 should be recalled. A review of all records from the microbiology laboratory over a one-year period revealed 90 nosocomial infections in 135 patients hospitalized for more than 2 days while none were noted in 94 patients remaining for less than 2 days.86 During that year, 35 bacteremias, 8 wound infections, 40 urinary tract infections, and 7 peritoneal infections occurred. The most prevalent organisms, in decreased order of frequency, included: Pseudomonas (24%), Candida (16%), Klebsiella (10%), Enterobacter (8%), E. coli (6%) and coagulase negative Staphylococcus (6%). However, nearly 50% of the bacteremias were caused by organisms of low virulence such as Candida, coagulase-negative Staphylococcus, Herellea, Serratia, Mima, etc. Like the patient with severe but chronic underlying illness, the traumatized patient apparently has a loss of many host defense mechanisms, thus predisposing him to infection with organisms of low virulence which, after becoming part of the endogenous flora, gain access to the patient via the multiple invasive procedures (such as tracheostomy and indwelling catheters) necessary for his management. This retrospective investigation clearly documented the high incidence of nosocomial infection in the CST and pointed to the necessity for a prospective evaluation of all patients admitted; the study to consider clinical signs and symptoms of infection, microbiological documentation of each suspected infection, and an evaluation of the factors which predisposed the individual trauma patient to subsequent infection in this setting. The present report is concerned with the incidence of nosocomial infections in severely traumatized patients, the specific factors predisposing to these infections, and the means by which potential pathogens initially reach the patient.
Methods
Nosocomial infections are those infections which develop clinically and bacteriologically in hospitalized patients in whom the infection was neither present nor incubating at the time of admission.
From September 27 to November 20, 1971 , each patient admitted to the CST was seen daily and examined for evidence of infection. In addition, daily records were maintained indicating the use of endotracheal tubes, tracheotomy, respirators (volume controlled), oxygen, nasogastric tubes, arterial and/or venous catheters (including dates of insertion and withdrawal), indwelling urinary catheters, prophylactic and therapeutic antibiotics, and corticosteroids. Notation was made of any prior underlying illness such as diabetes, chronic lung disease, or cardiac failure which might be expected to predispose to infection. While in the Unit, patients were observed for central nervous system depression, pulmonary shunting, congestive heart failure, and renal failure.
Most patients are admitted directly from the scene of trauma or following brief emergency care at another hospital. Occasionally, patients from other parts of this hospital who have developed refractory shock are transferred to the CST. Patients undergoing cardiac or major thoracic surgery are transferred to the CST for the first 1-3 days of postoperative care. Each patient admitted was observed as noted above but only those admitted as "shock-trauma" patients are considered in this report. The CST is a self-contained integrated unit constructed specifically for the therapy and study of severely injured patients. The patient care area consists of a central nursing station surrounded by 12 open-ended cubicles containing a bed, sink, biomedical monitoring equipment, and space for ventilators or other equipment. The physicians and nurses assigned to the csr have no other hospital commitments; however, consultants from a number of other areas provide their services. The staff don either scrub suit or gown upon entering and are encouraged to wash their hands in betadine solution which is kept at each bedside. All indwelling urinary catheters are attached to closed drainage and are opened only to obtain urine cultures. Indwelling venous and arterial catheters are inserted with sterile technique; and the skin site is cleaned before a new dressing is applied each day the catheter remains in place. Volume controlled respirators are sterilized between patient usage and the respirator and parenteral fluid tubing to each patient is replaced daily.
Patients are discharged to other areas in the hospital as soon as their need for specialized trauma care ceases. For the purpose of this report, infections and deaths ocurring after transfer out of the CST have not been considered.
Results

Patient Population
Sixty-two "shock trauma" patients were admitted during the 55 days of study ( Table 1 ). The length of stay was arbitrarily divided into A) less than five days, i.e., those patients whose trauma was so severe that they died rapidly despite all attempts at therapy or those patients with less severe trauma who were either discharged to home or transferred to other parts of the hospital and B) five or more days, i.e., those patients with intermediately severe trauma who required prolonged intensive care. Six patients had infections (either apparent or incubating) on admission ( Table 2 ) and 15 patients developed 19 nosocomial infections. There were four deaths among the 25 patients in group B; three of the four died of nosocomial infection. Table 3 lists the site, etiologic organism, and the number of days after admission when the infection was first detected for each of these nosocomial infections. The eight patients with urinary tract infection ( 5 100,000 colonies/cc of each organism following at least one prior sterile urine culture) occurred in association with an indwelling urinary catheter inserted on admission. The three pneumonias occurred on days 4, 4, and 5 following All of these patients had severe chest trauma with lung contusions anid one patient also had severe preexisting emphysema.
The patient with purulent sinusitis suffered previously from an upper respiratory tract viral infection before ' the auto accident which severed his trachlea and esophagus and produced a Staph ylococcal epidermidis bacteremia (i.e., two separate positive blood cultures in association with fever and chills). One patient with Enterobacter sp. ileitis upon admission later developed an E. coli peritonitis with sepsis and death. The other patient with peritonitis was diagnosed clinically (while the patient was receiving cephalothin) but lhad negative blood cultures; and responded to chloramphenicol therapy. One patient with an extensive comminuted femoral fracture developed a severe wound infection while receiving cephalothin.
Three patients had catheter-associated bacteremias; two occurred in patients who had both arterial and venous lines in place, the other occurred in a patient with only a venous catheter. The length of catheterization in these three patients was 4, 4, and 10 days. Finally, one patient with multiple extremity fractures, a pelvic fracture, and a flail chest, necessitating an endotracheal tube and respirator plus arterial, venous, and urinary catheters developed a Staphylococctus epidermidis bacteremia (as defined above) within one day of admission; the site of origin is not known although the venous catheter was suspected.
Gram negative bacilli (including Pseudomonas aeruginosa in six infections) were isolated in eleven of these 19 infections; Staphylococcus aureus was isolated twice. Seven of the 19 infections were associated with a bacteremia.
In most instances nosocomial infection occurred within the first week after admission to the CST. These infections appear 1) related to the degree of the initial trauma and/or its therapy, 2) caused by organisms acquired following admission to the CST, and 3) frequently progress to bacteremia despite the patient's good health before injury. 2 Predisposing Factors 5~~~~T he following prospective observations were made to determine the association between the severity of trauma, the length of hospitalization, and various therapeutic maneuvers with the later development of nosocomial infection.
The patients were divided inlto two groups (A and B) X based on length of CST stay. Of the 37 patients ( 25 15* (60%) * 19 nlosocomlial infections occurred in these 15 patients than five days none developed infection, whereas 15 (60%) of the 25 patients in the CST for five or more days developed the 19 infections discussed above. Although some of the infections in the latter group occurred before the fifth day, all of these patients would have required prolonged CST care whether or not they had developed infection.
An arbitrary criterion of "severe trauma" showed similar results. Patients with 1) clinical shock on admission and/or 2) volume respirator use for at least the first 24 hours, and/or 3) mental obtundation or coma persisting at least 24 hours, and/or 4) fractures involving more than one extremity were classified as "severely traumatized." Fourteen (48%) of these 29 patients (Table  5 ) developed one or more nosocomial infections whereas only one (3% ) of the 33 "less severely traumatized" patients developed such infection.
Because the five dav limit clearly divided these patienits into two distinct groups with respect to predisposition to infection, the following data has been considered only in regard to those 25 patients in the CST for five or more days. The three pneumonias occurred among the 16 patients with tracheostomies. Although tracheostomy does afford potentially easv access to the tracheobronchial tree and may well be a major predisposing factor to pneumonia, each patient to develop pneumonia had severe existing lung pathology.
In this group of 25 patients, all but two had indwelling urinary catheters for periods of 3-31 days from admission with a meain time of 10.1 days and a median of 8.5 days. Eight (35%) of these 23 patients developed a urinary tract infection. There was no apparent cause (e.g., local trauma) for infection other than catheterization. Infection was first documented on days 1, 2, 4, 7, 8, 10, 11, and 12 respectively after insertion of the catheter. "Prophylactic" systemic antibiotics (ampicillin-2, cephalothin-8, tetracycline-2, penicillin-2, methicillin-1) were given to fifteen patients, for fractures-11, "bronchitis"-1, abdominal surgery-1, and aspiration-2. Despite this rather widespread usage, the incidence of infection possibly related to the use of prophylactic systemic antibiotics (27%) did not differ from the incidence found without their use (30%). This suggests that factors other than antibiotics predispose to infection; IABLIE 5. Initial however, antibiotics do encourage infections to be caused by more resistant organisms.'
Corticosteroids were used in too few patients to allow meaningful comparisons.
It was difficult to prove an arterial or venous catheter as the cause or site of a bacteremia. In this study, we accepted a catheter as causative if it had been in place more than 48 hours, the culture was positive and there was no other primary site of infection after extensive examination, x-rays, and microbiologic studies. Using these criteria, there were three catheter-associated bacteremias. Table 6 indicates the number of patients with prolonged arterial and venous catheterization and the association with catheter-induced bacteremias.
Acquisition of Organisms
Three weeks before the prospective study began, a patient with pneumonia caused by a carbenicillin resistant Pseudomonas aeruginosa was transferred into the CST from the surgical service. During the next three weeks, six patients acquired a Pseudomonas aeruginosa with identical sensitivity patterns in cultures obtained from their tracheostomies; four developed pneumonia leading to death in three.
During this prospective study, cultures taken by deep aspiration were obtained almost daily on all patients with tracheostomies ( Table 7) . All Undoubtedly some of these organisms were originally part of the patients endogenous flora. However, the finding of 14 of 20 patients with Pseudomronas aeruginosa (most were resistant to carbenicillin) suggests acquisition, because this organism is not frequently cultured from normal individuals, although the selective pressure of antibiotic administration may facilitate colonization as well as in vitro detection.25 The exact means of acquisition are not known but the following observations in the CST suggest that considerable acquisition is via patient to personnel to patient contact: all staff members do not regularly wash before or after examining a patient; scrub suits or gowns are worn in the CST but are not changed when moving from cubicle to cubicle, rounds are conducted at the bedside with multiple physicians examining each patient, and certain examining equipment is common to all patients (e.g., stethoscopes and reflex hammer). Cultures of personnel (Table  8 ) frequently revealed potential pathogens and cultures of gowns and scrub suits often demonstrated contamination. Extensive environmental cultures (Table 9 ) suggest that despite some contaminated areas (sink, drain), the physical environment is relatively clean; these data suggest that personnel rather than the environment is the most likely source of pathogens. Summary These observations and our prior study36 indicate that nosocomial infection in severely traumatized patients is a major cause of morbidity. Most infections occur in that group of patients who require prolonged intensive care because of very severe trauma. In this subgroup (group B), it is apparent that urinary catheters predispose to urinary tract infections; tracheostomies are associated with acquisition of potential pathogens and, in the patient with severe lung pathology, these organisms may lead to pneumonia; prolonged venous and/or arterial catheterization may lead to bacteremia. The organisms causing these nosocomial infections include gram negative bacilli (e.g., Pseudomonas aeruginosa and Kiebsiella sp.) plus other organisms of low virulence which often comprise the normal host's flora (e.g., Staphylococcus epidermidis and Candida albicans). Those organisms acquired during the period of intensive care were probably carried to the patient via the personnel whose band cultures were often positive rather than via contaminated respirators, humidifiers or intravenous tubing, solutions, or blood products.25 '31'33'35 The frequent use of systemic antibiotics (both prophylactic and therapeutic) may have further tended toward colonization and superinfection by the more resistant endogenous and acquired organisms.4
This investigation suggests that a renewed emphasis be placed on reverse isolation34 especially with regard to measures including adequate hand washing with a compound which destroys gram negative bacilli (e.g., betadine), separate gowns for each patient examined, and reduction of non-essential staff members from the patient cubicle area. Patients from elsewhere in the hospital with known infection should be excluded from trauma units. Such a program must encompass not only nurses but consultant physicians, x-ray technicians, housekeepers, etc. and should be in conjunction with a policy prohibiting prolonged intravascular catheterization and discouraging excessive use of indwelling urinary catheters. Scrupulous aseptic technique when manipulating a tracheostomy is essential. The program must operate in conjunction with a routine method of bacterial surveillance of equipment (respirators, humidifiers, examining equipment, etc.) and water supplies.
The seriously traumatized patient must be recognized as one who has marked impairment of his normal host defenses and must, therefore, be treated with diligent efforts to prevent infection.
